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BRIEF ON APPEAL 



This is appellants* Brief under 37 C.F.R. §4L37 in support of their appeal to the Board of 
Patent Appeals and Interferences under 37 C.F.R. §41.31 from the final rejection of claims 19-26 
of the above-identified application. Attached hereto is a check in payment of the requisite fee of 
$500.00 under 37 C.F.R. §41 .20(b)(2) for filing a brief in support of an appeal. If any additional fee 
is required, please charge the amount of such fee to Deposit Account No. 03-3125. 

(I) Real Party in Interest 

The real party in interest is Novelis, Inc., a corporation having a place of business at 70 York 
Street, Suite 1510, Toronto, Ontario M5J 1S9, Canada, assignee of the above-identified application 
by virtue of an assignment (recorded December 22, 2005, at Reel 016934, Frame 0600) from Alcan 
Intemational Limited, the previous assignee of the above-identified application by virtue of an 
assignment (recorded February 26, 2002, at Reel 012651, Frame 0403) from the named appellants. 

(ii) Related Appeals and Interferences 

None. 
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(Hi) Status of Claims 

Claims 1 9 through 26 were presented in a Preliminary Amendment filed December 1, 2003 , 
concurrently with the filing of the above-identified application, which is a division of appellants' 
U.S. patent application Serial No. 09/980,886 (now abandoned) filed February 8, 2002, as the U.S. 
national stage of intemational application No. PCT/GBOO/02026 filed May 26, 2000. * No claim has 
been amended or cancelled. Claims 19, 20, 21 , 22, 23, 24, 25 and 26 are all pending and all finally 
rejected. The claims appealed are all the pending claims, viz., claims 19, 20, 21, 22, 23, 24, 25 and 
26. NOTE: Claim 19 is independent; all the other claims are dependent. The only grounds of 
rejection in the final Office Action are rejections on prior art under 35 U.S.C. § 103(a). 

(iv) Status of Amendments 

No amendment was filed subsequent to the final rejection (Office Action dated January 25, 
2005) fi-om which the present appeal is taken. 

(v) Summary of Claimed Subject Matter 

In the following summary, all page and line numbers refer to appellants' specification. There 
are no drawings. 

The invention defined by the claims on appeal embraces a method of producing an aluminum 
lithographic sheet (lithographic plate support) (p. 1, lines 3 1-32; original claim 13, p. 14,lines 19-20) 
from direct chill (DC) cast ingot. In such sheet, it is important to achieve a satisfactory graining 
response fi"ee of surface defects of various kinds when the sheet is subjected to electro graining (p. 
1, lines 5-8). Specifically, a streaky electrograined surface is to be avoided (p. 3, lines 22-23; p. 4, 
lines 8-9 and 16-18), as is the presence of a region containing Al^Fe phase, known as a "fir tree 
zone," at scalp depth in the cast ingot from which the sheet is produced (p. 6, lines 1-13). 

It is known that the ingot must be grain refined in order for the Al ^^Fe phase (fir tree 
structure) to appear (p. 6, lines 1 6-17). Grain refining results firom the addition of grain refiners, e.g. 
Ti and B, to the alloy of which the ingot is cast (p. 7, lines 3-24). To avoid fir tree structure at scalp 
depth in a grain refined aluminum alloy, the maximum possible ingot-casting speeds are 
inconveniently slow (p. 6, lines 17-19). 



^The Preliminary Amendment cancelled all the claims (1-18) originally presented in the parent 
application. 
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Nevertheless, in conventional practice, aluminum sheet for lithographic plate support has 
been grain refined (p. 5, lines 31-32), by addition of grain refiners (p. 4, lines 12-15), to generate a 
uniform distribution of equiaxed small, randomly oriented grains at the scalp depth (p. 4, lines 1-2) 
as well as to avoid excessive microporosity (p. 4, lines 3-11). The absence of grain refiner results 
in production of very coarse grains that have previously been thought to lead to the formation of a 
defect (streaking) during electrograining of the final gauge sheet (p. 4, lines 12-18). 

The lithographic sheet-producing method of the present invention, as defined in claim 1 9 on 
appeal, comprises providing a molten body (p. 1, line 6; p. 9, lines 13-16) of an aluminum alloy of 
the following composition in wt%: 

Si 0.05 - 0.20 

Fe 0.25 - 0.40 

Others up to 0.05 each and up to 0.15 total 

Al balance 

(p. 2, lines 1 -6; p. 1 0, lines 6- 1 4) wherein the aluminum alloy melt is prepared without the addition 
of grain refiners (p. 2, lines 1 -6; p. 6, lines 23-24; p. 7, lines 3-4 and 9-13); optionally degassing the 
molten body (p. 8, lines 6-15); direct chill (DC) casting the molten body to form a cast ingot (p. 9, 
lines 13-17); rolling the ingot to sheet (p. 1, line 6); and electrograining the rolled sheet (p. 1, line 
8; p. 2, line 30 -p. 3, line 1). 

In particular embodiments of the claimed method, the cast ingot has a hydrogen content of 
not more than 0.25ml/l OOg (claim 20; p. 7, lines 27-28), the Fe/Si ratio is from 2.5 to 5.5 (claim 21 ; 
p. 3, lines 13-15; p. 10, line 15), the DC casting speed is >60mm/min (claim 22; p. 9, lines 20-21), 
the cast ingot contains grains of a length >500 |im (claim 23; p. 4, lines 30-32), the cast ingot 
contains substantially no Al^^Fe (claim 24; p. 6, lines 13-14), the iron in solution is 0.0018 to 0.0051 
wt% (claim 25; original claim 12, p. 14, lines 16-17), and the electrolyte used for electrograining is 
nitric acid (claim 26; p. 10, line 1-2). 

Surprisingly, in relation to what was previously thought, the present inventors have found 
that the coarse grain structure resulting from absence of grain refiner is not in itself detrimental to 
final gauge electrograining response (p. 4, lines 18-20). The absence of grain refiner avoids the 
detrimental fir tree structure at scalp depth and thus enables ingots (for production of lithographic 
plates) to be DC cast at higher casting speeds than have heretofore generally been possible (p. 6, 
lines 20-22). That is to say, with grain refiner absent (in accordance with the invention), casting 
speed is not critical, and to achieve high throughput and low costs, casting speed may be as fast as 
possible, with a maximum limit imposed by risk of run-out and safety and practical details rather 
than by metallurgical considerations (p. 9, lines 16-21). 
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(vi) Grounds of Rejection to be Reviewed on Appeal 

The sole groxind of rejection presented for review on this appeal is as follows: 

That claims 1 9 - 26 are unpatentable under 35 U.S.C. § 1 03(a) over S. Brusethaug et al., "The 
Effect of Process Parameters on the Fir-Tree Structure in DC-Cast Rolling Ingots," Special print of 
the documentation of 8th ILMT, 1987, Leoben-Vienna, pp. 472-76 (Brusethaug et aL) in view of 
U.S. patent No. 5,71 1,827 (Sawada et al. '827). 

(vii) Argument 

Rejection under 35 U.S.C. §103 (a) as unpatentable over 
Brusethaug et aL in view of Sawada et aL '827 

It is submitted that the rejection of claims 19 - 26 on Brusethaug et al. in view of Sawada et 
al. '827 is in error in that, contrary to the Examiner's contention, it would not have been obvious to 
a person of ordinary skill in the art, from the applied references, considered together, to produce an 
aluminum lithographic sheet by DC casting an alloy of the composition of appellants' claims to form 
an ingot, rolling the ingot into sheet, and electrograining the sheet, without the addition of grain 
refiners to the aluminum alloy being cast. Stated in other words, it would not have been obvious 
from the references that if one were to take a non-grain-refmed DC ingot, roll it down to final gauge 
and then electrograin it, a product could be obtained having no streaky grains. 

Appellants' claim 19 recites, in pertinent part, the steps of (a) providing a molten body of 
aluminum alloy of specified composition (0.05-0.20 wt% Si, 0.25-0.40 wt% Fe) "wherein the 
aluminum alloy melt is prepared without the addition of grain refiners," (c) DC casting the molten 
body to form a cast ingot, (d) rolling the ingot into sheet, and (e) electrograining the rolled sheet. 
The provision of this combination of composition features and process steps, including the 
electrograining step, without the addition of grain refiners, is not described in the prior art. 

Stated with reference to the rejection of claim 19, the Examiner's position is that Brusethaug 
et al., directed to the making of offset plates without defects such as fir tree structures, describes a 
DC-cast sheet ingot of grain-refiner-free Al-Fe-Si alloy, and that it would have been obvious to apply 
to this ingot the rolling and electrograining steps described by Sawada et al. '827 for producing Al- 
Fe-Si alloy printing plates from DC-cast ingots. 



4 



Appellants respectfully submit that this asserted combination of references would not have 
been obvious, because neither Brusethaug et al. nor Sawada et al. '827 teaches or suggests that ingots 
without grain refiner could be used to make lithographic sheet. 

The only grain-refiner-free ingot mentioned by Brusethaug et al. is the single ingot described 
at the top of the second column on p. 473 as having "no grain refinement." This ingot, and another 
of the same dimensions and composition (0.26 wt% Fe, 0.13 wt% Si) but containing 10/1000% Ti 
(grain refiner), were cast under identical conditions to investigate "The effect of grain refinement on 
the formation of fir tree zones. " The result of this investigation, as reported by Brusethaug et al., was 
that "The fir-tree zone was only observed in the ingot with a grain refiner addition." 

However, Brusethaug et al. clearly shows that two factors were considered important to 
avoid: non-uniform grain and the fir-tree structure. The mere elimination of fir-tree structure, 
without also overcoming the problem of non-uniform grain structure, would not have been deemed 
enough to achieve a satisfactory and usable product, in the state of the art as exemphfied by 
Brusethaug et al. 

As the Introduction to Brusethaug et al. states (p. 472, first column), the publication reports 
"work on the appearance of the fir-tree structure and its dependence upon casting conditions and 
alloy composition." The Introduction further explains that 

"Certain products like offset plates . . . require a homogenous surface 

"A typical defect ... is structural streaking . . . which is unacceptable in offset . . . 
quality. Structural streaking can be the result of a non uniform grain structure (1), 
segregation or local differences in the primary constituents within the aluminium 
matrix - the so-called fir-tree structure (2-6)." 

Reference (1) is a textbook by D. Altenpohl, Aluminum Viewed from Within (Dusseldorf: 
Aluminium-Verlag, 1 982) of which a copy of the passage (pp. 146-47) cited by Brusethaug et al. is 
of record in the file of the present application. Discussing "Causes of Streaking or Streak-Free 
Structure After Forming," Altenpohl states that streaks may be "due to large as-cast grains," that "the 
streaking from large as-cast grains even after severe cold work is not difficult to understand," and 
that "It is important to avoid coarse grain in all processing steps." Hence, the above-quoted 
Introduction of Brusethaug et al. effectively teaches that undesirable structural streaking can result 
(inter alia) from either coarse grains or fir-tree structure. 

From this, a person of ordinary skill in the art could only conclude that both coarse grains and 
fir-tree structure must be avoided in order to prevent structural streaking. Thus, while the 



investigation reported by Brusethaug et al. is a study of fir-tree structure, aiming "to eliminate the 
fir-tree structure, or at least to keep the zone width consistently smaller than the scalping depth," 
there is no implication in the reference that such control of fir-tree structure is a sufficient condition 
for prevention of structural streaking and consequent production of satisfactory printing plates. 

Reverting again to the description of the single grain-refiner-free ingot mentioned by 
Brusethaug et al. (p. 473, second column, top), appellants note that immediately after reporting the 
absence of a fir-tree zone in this ingot, the reference states that "Casting speed and Fe/Si ratio are 
clearly dominating parameters regarding the fir-tree zone formation." Inferentially, then, the grain- 
refiner-free ingot did not itself represent a useful or practical solution to the fir-tree zone problem 
but was merely an investigatory test of one of multiple factors. The Brusethaug et al. publication 
supplies no thought or suggestion of departing from the standard practice of including grain refiner 
in any DC-cast ingot that is to be rolled and electrograined for production of printing plates. Rather, 
Brusethaug et al., taken as a whole, reinforces the view then standard in the art that the presence of 
grain refiner is essential. So much is evident from the explicit but unambiguous teaching, in the 
introductory portion of the reference (and specifically in the citation of Altenpohl), that to prevent 
structural streaking, coarse grains must be avoided - i.e., that grain refiner (to control grain size) is 
essential. 

Certainly there is nothing in Sawada et al. '827 to suggest such a departure from standard 
practice. Sawada et al. is absolutely silent regarding any modification or omission of the 
conventional procedure of adding grain refiner, nor does Sawada et al. remotely intimate that, 
contrary to what was generally thought, it would or might not be necessary to avoid the coarse grain 
structure that results from the absence of grain refiner in order to achieve a satisfactory final gauge 
electrograining response in the production of lithographic sheet. 

An artisan of ordinary skill, therefore, considering the two references together, would not 
have been led to suppose that the investigatory grain-refiner-free ingot of Brusethaug et al. could 
produce satisfactory printing plates if subjected to the process steps of Sawada et al. '827. In other 
words, the artisan would not find in the two references any motivation to combine them as the 
Examiner has asserted. 

In summary: it is the Examiner's position that (1 ) Brusethaug et al. shows a DC cast ingot free 
of grain refiner, in which fir tree structure was not observed, (2) Sawada et al. '827 teaches process 
steps of producing a lithographic sheet, including rolling a DC cast ingot and electrograining, and 
(3) it would have been obvious to perform the steps of Sawada et al. '827 on the grain-refiner-free 
ingot of Brusethaug et al., because the latter ingot is a rolling ingot and both references are drawn 
to printing plates. But assuming arguendo the correctness of the Examiner's assertions (1) and (2), 
nevertheless it would not have been obvious to combine them as proposed in the Examiner's 



assertion (3), because Brusethaug et al. implicitly teaches away from any notion that the grain- 
refmer-free ingot, though lacking fir tree structure, would be suitable or capable of being formed into 
satisfactory lithographic sheet, and Sawada et al. '827 is silent in this regard. 

That is, Brusethaug et al. expressly states that unacceptable structural streaking can result 
either from non uniform grain structure or from fir tree structure; and while the reference reports that 
one cause of streaking (fir tree structure) was not present when grain refiner was omitted, a person 
of ordinary skill in the art would have assumed that the absence of grain refiner would lead to the 
other cause of streaking (very coarse grains), hence, that satisfactory lithographic sheet would not 
be obtained if the investigational grain-refiner- free ingot were subjected to rolling and electrograin- 
ing. Sawada et al. '827 contains no disclosure to suggest any different conclusion. 

Coarse grains are indeed observed when grain refiner is not added. As appellants' 
specification sets forth, in their claimed method the ingot may have grains longer than 500 |-Lm (p. 
4, lines 29-30). Appellants have discovered that, contrary to what was thought before, this does not 
prevent the production of satisfactory lithographic sheet, but without their discovery, it would not 
have been obvious to perform the steps of Sawada et al. '827 on the grain-refmer-free ingot of 
Brusethaug et al. because the ordinarily skilled artisan would have no reason to expect that an 
acceptable lithographic sheet product would result. 

It follows that claim 19, in reciting that the alloy melt is prepared "without the addition of 
grain refiner" and is subjected to steps of DC casting, rolling and electrograining, presents an 
unobvious and patentable distinction over Brusethaug et al., Sawada et al. '827 and any proper 
combination thereof. The ability of a grain-refiner-fi"ee alloy, so processed, to achieve an acceptable 
lithographic sheet product, in itself represents a surprising new result, and affords the important 
economic advantage of enabling a beneficial increase in speed of casting the DC ingot firom which 
the sheet is formed, without causing the deleterious fir tree structure. 

It may also be noted that the subjection of the specific grain-refiner- free alloy of the 
Brusethaug et al. test ingot (containing 0.26 wt.% Fe, see Brusethaug et al., p. 473, right column, line 
6) to the process of Sawada et al. '827 would be contrary to the express teaching of Sawada et al. '827 
that the alloy should have a content of not more than 0.20 wt.% Fe (see Sawada et al., col. 5, lines 
22-26), and would therefore be unobvious on that ground as well. If the alloy were modified to meet 
the Sawada et al. upper limit of Fe content, it would be below appellants' claimed range of 0.25-0.40 
wt.% Fe. 

Claims 20 - 26 are submitted to distinguish in like manner over any proper combination of 
Brusethaug et al. and Sawada et al. '827 by virtue of their dependence on claim 19. 
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(viii) Claims Appendix 



A copy of the claims on appeal is set forth in an Appendix immediately following the 
conclusion and signature page. 



Copies of the following references are submitted in an Evidence Appendix immediately 
following the Claims Appendix: 

1. S. Brusethaug et al., "The Effect of Process Parameters on the Fir-Tree Structure in DC-Cast 
Rolling Ingots," Special print of the documentation of 8th ILMT, 1 987, Leoben- Vienna, pp. 472-76. 

2. U.S. patent No. 5,71 1,827, Sawada et al. 

3. D. Altenpohl^/w/wmwm Viewed from fTzY/i/XDusseldorf: Aluminium- Verlag, 1982), pp. 146-47. 



For the foregoing reasons, it is respectfully requested that the decision of the Examiner 
rejecting claims 19 - 26 be reversed, and that the claims be allowed. 



(ix) Evidence Appendix 



(x) Related Proceedings Appendix 



None. 



Conclusion 



Respectfully, 




Christopher C. Dunham 
Reg. No. 22,031 
Attomey for Appellants 
Tel. (212) 278-0400 



COOPER & DUNHAM LLP 
1 185 Avenue of the Americas 
New York, N.Y. 10036 
January 2, 2006 



I hereby certify that this paper is being deposited 
this date with the U.S. Postal Service as first class 
mail addressed to Assistant Commissioner for Patents, 
Washington, D.C. 20231. 
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Claims Appendix 

19. A method of producing an aluminium lithographic sheet which method comprises: 

a) providing a molten body of an aluminium alloy of composition in wt%: 
Si 0.05 - 0.20 

Fe 0.25 - 0.40 

Others up to 0.05 each and up to 0.15 total 

Al balance 

wherein the aluminium alloy melt is prepared without the addition of grain refiners, 

b) optionally degassing the molten body, 

c) direct chill (DC) casting the molten body to form a cast ingot, 

d) rolling the ingot to sheet, 

e) electrograining the rolled sheet. 

20. A method of producing an alximinium lithographic sheet according to claim 1 9 such that 
the cast ingot has a hydrogen content of not more than 0.25ml/ lOOg. 



21 . A method of producing an aluminium lithographic sheet according to claim 1 9, wherein 
the Fe/Si ratio is from 2.5 to 5.5. 



22. A method of producing an aluminium lithographic sheet according to claim 1 9, wherein 
the DC casting speed is >60niin/min. 

23 . A method of producing an aluminium lithographic sheet according to claim 1 9, wherein 
the cast ingot contains grains of a length >500|im. 



9 



24. A method of producing an aluminium lithographic sheet according to claim 1 9, wherein 
the cast ingot contains substantially no Aln,Fe. 

25. A method of producing an aluminium lithographic sheet according to claim 1 9, wherein 
the iron in solution is 0.00 1 8 to 0.005 1 wt%. 

26. A method of producing an aluminium lithographic sheet according to claim 1 9, wherein 
the electrolyte used for electrograining is nitric acid. 
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Evidence Appendix 



Copies of the following references are attached hereto: 

1 . S. Brusethaug et al., "The Effect of Process Parameters on the Fir-Tree Structure in DC- 
Cast Rolling Ingots," Special print of the documentation of 8th ILMT, 1987, Leoben- Vienna, pp. 
472-76, cited by the Examiner in an Office Action dated May 5, 2004 (Brusethaug et al.). 

2. U.S. patent No. 5,7 1 1 ,827, Sawada et aL, cited by the Examiner in an Office Action dated 
May 5, 2004 (Sawada et al. '827). 

3. D. Altenpohly4/ww/>2Mm Viewed from Within (Dusscldorf: Aluminium- Verlag, 1982), pp. 
146-47, cited in Brusethaug et al., and submitted by appellants in a Reply under 37 C.F.R. §1.111 
filed November 4, 2004, to which the final Office Action dated January 25, 2005, is responsive 
(Altenpohl). 
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fr?!^^ "r-tree <ones also appear 

S l^ltTf]^ •^t? ««e.tla, that other fa^^ 
in «JdlUon to ea.tl«£ .peed and Fe and Si eonte^ 
Influence the rori«tlon ef flr-tr«e^««,es. 



Effect of 
c e o 1 t a c . 



secondary 



*!!^*'*' "t-tre« aone forwitiofT trial. 
2^*? «««tinB apeed. ef «S Md eO M/aln. Cl3l The 

ence of chmg« in aeoondarr mollnc md CMtins 
.peed on cooling rate./t«iv«r.tMr«. at dimr«t 
J«^^lo«. belov tt^ Ingot .urf.ee m. •w.^TSr 
ther«,ce«^e (12, ^art Into th. t2 

ble 3 •Mi.arl.e. the reeult.. At • cwtiturnwcd of 
ao -i/mn . reAictlon of •ater rmt. pSJS th. 

rteet «»«* onl, a nlnor decre... In flr-trw .m. 
St^ ""Wwt.d md will b« dlK,««d 



2P"n« "P^ .nd re/Sl r.tlo clearly do.ln.tln. 
^--etar. r.,«^i„g the fir-tree «me fon-TtlivTA 
e«"tln« .peed of 60 - 6S mm/mln 1. U, !.! 
-.fflcUtelx low to prevent fl^tree i^neTi-^u:;: 

Th« foiiMtlo. of the Al Fe wd Al Fe prla^rr «o- 
•tood «lth the .Id of . bUi«T -KtttteUe^O^ 
<*"r ho. the mieleatlon te.per.ture of e.^^||^ 
Sf .oUdlflc- 
-.S ■ eooUng rate the ph.M 

ttTf!^^^\^ nucleatlon tcperrture "lU nSeJ^ 
^fl«t «.d .tart to grow. Thl. ha. been -.ed^ltt 

the outer « Fe sone will be wider .t . cutln> 

rtr-tree .tnicture doe. not expUln whr the »«« 
it very oft*, extend, through the .hell ia« 

'fT^ JT* pr^iieTei^iS 

S lS<£e ''^^ constituent, new- the to- 
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0 UV.I p,^ cul.,; «00 . ,Mo ,fc.,t lM.t. ...U kW^t 
3) lc«p«rtt«r« rmfv i$S - ISO •€ 



f If. 2s t) M-fe pfca,« rfUjrtt 

b) Cfftct tf cttU»« rttt t« tlic ttcltttitt tt<p«rat«rc 



ril^ "^"^ ^ ''"^ "^"^^ ^« the widest 
2«5^4''^*- ^* ^" b« because this 

I^!l!.^fi''r ***** nucleetloo coolln« rate 

S^T^i ^'2* ^^^^^ ^^"'^ ^- ^ increase In 
the rstlo s«€« to Increase this threshold end Al,r« 

T r^^*"* ^ <Jo«lnent primary constituent. ^At 
low fc/Sl r«tlc a -AIFcSl vlU nucleate imd be the 
dotilnwit constituent «t hlfih ccclln£ rote«. 
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• ^ zone 




dMancefrom 
ingot wrface 



• 60fnm/iiiirL 




ingot surfoce 



Secondary cooling and 
Craln refineaent 

At firat alfiht the reaulta for a casting spoed of 
3 aee- to be inconsistent; an 
increasing water flow rate reduces the fii^tree sone 
width. At 60 aa/ain. however, a ainor increase in 
nrwtree sone width with increasi.« water rate is 
oetected. 

tJ*'^^. *** '^■'**» «P«e<l3 of 65 

Mne width d«ere««s with liicre«sin« c«stii« speed! 
I?-!!''* , «n«*P««te<l r*mlt • closer look «t 

a^e-lcl coapositton -ust be take«. expeci.lly ?l 

l^l«i»ce «.e sone width. A eo-p«rlson bet-een Tl 
; «»<l B contents and the -esn sone width showed that 
! *10tt» !• not directly related to the eoa- 

b^»^ \^ ^ ' correlation is obtained 
i '^'***'" ratio*. Figure 4. 

1 <>•«•- Since it i«s also shown that grain r* 



E 

30 
c 10 



Uq.- Al 



dctanco 




eel t«> 



temp. 



* aodirtad awtel for Cli^.«ra« 



(13) 



The above Mdel for flr-tre« aone forwtion r.4i 

^I'liT'^i V" Jl n'-ES 

^^^^^ • •hen the t^nanai atui ■ ««• «mw 

ll«iuld. This ia not. ho»«r«r. the ease durlnc^onf 

^tlS? JS!!f* ^ «~«^ ta^rstira. of the 
!^ *• •ceo-nt. Con- 

sider the unidirectional crMth of a cellular struc- 

S. steady .me 

fn^i^ot *" • «««tant t«-p;rature 

i^J^^.*^* condiUon. the growth f*ont of 
the Inter^tallic phase will be located at a parti- 
cular isothem the te-perature of which -ill d^end 

AtL ► V'ifir*^" undercooling below equlUb- 

i« - J***'.'*^** e<iuiUbrlu.) eoteetic te-pera- 
S liL!!!*'' ^ necess^^ driyinrS^e 

and the inteifaee reaeUon. 

tt^rature. Of Al Fe and Al.Fe «ight 
vary with growth rate as shown fn figu^ 6.* 



Tamperature 

Te(Al6Fe^. 



V 



4e/ 



28 



coofing 



0.05 0.10 
B/Ti 




UQUH) 




AlgnFecannu ctoste 
Aif Fe can nudeste 



fit. *: Tfct Ufi,«.ct .f i/ii ^ tfc, 
at CS ■«/•!■ 
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tfctanca 



Consider now th« •Ituatlcn during oontlnjoui cast- 
ins* the Incot skin forns bf the rapid quatichlnc of 
th« liquid, «C«ln«t. tha ««ter-«ooled Muld vmll. 
Cooling rat«« ar* vary high and tra can axpact Al Pa 
to ba tha intarwtalllc phaaa that U drat ituclSa- 
tad. Tha Al pa that haa baan forMd batwaaa tha alu- 
minim dandPltaa aovaa down with tha iacot, hut con- 
tlfuaa to grow liMrda. Tha Intaraatalllc partldaa 
ajctaad la a dandrltlc amnar Ilka flngera aictandlng 
batwaen *tha alualnlM daadi^ltaa. Tha tlpa of tha 
IntaraBtallle •«iidrltaa« will follow tha laothanw 
oorraapondlng to tha Inatantanaoui grovth rate of 
the tlpa, aa aho«a la Flgura 5. Tha growth of the 
Al^ra dandrltca will cociUnua until aoaa other 
lron*rleh phaae nucleataa and atarts growing in 
flront of tha Al Fa. Thua If the following condiUona 
are aatlaflad: 



UQUlO 




"•Tfl(Al^a) 



(Al^re) 



(1) 



and 



Al^e can nucleate and grow ahead of Al Fe auch that 
the growth of Al Fa wlU ba locallx prSwaatad. The 
above condltlona Ve neeeaaarr. but not a aufflclant 
criterion for the change trom Al Fe to Al^e. There 
•uat alao be aultable nueleatlon alte for the Al^e 
(thla alght be the prlaary alualnlua dafidrlt&, 
Al^Fe Itself or soae other Inpurltr particles) « 



Conditions (1) and (2) above will be favoured by low 
cooling rates ahead of the Al Fe dendrites, fig- 
ure 7, and low growth rates, tfgure 6* Local growth 
mtefi and cooling ratea are of courae related to 
each other, but they aay be influenced differently 
by casting speed and aelt teaperature for exv4>le« 



'If. is A tOcMUc «Uv af tkt MlUlricatiM frt«t. 




d$tanc0 



AleFe 



Fig. 9: 



0 



The sequence of events lesding to the fomtlon of 
the characteristic fli^tree structure can now. be ex- 

**^"?,f* ^ ^- ^ •« tbe cooling 

rate falla below ao^ crlUcal level. Al^e can nu- 
cleate if a suitable nucleus la available? The aoat 
favorable condltlona for the nueleaUon of the Al Fe 
are cbUlned at the point of inflection of the f Ip 
where the cooling rate la a alniaua. Once Al Fe is 
nucleated It can grow at a hlgber teaperature than 
, a^ • the growth rate noxml to the local 

i!^!^ ^ ^ aoough. Ihla enablea the Al^e 
^enA-itea to gradually encroach on the Al Fe dSi- 

f ^' i«««An« bo the'charac- 

terlaUc fir-tree patteni. Thla aeqyence of events 
describes «4«at happ«aa at casting apeeda up to 
80 a«/aln vlth large Ingota. In other cases (higher 
speeds and/or SMller Ingots) the second Mxteua in 
growth rata caused by secondary cooling, aay be high 
enoti^ to revsrae the relative growth teaperatures 
!f J^a^«^«»*^e^« auch that Al Fe encroaches dh 
AXgFe and only Isolated Islands of AUFe will be 
found near the shell aone. figure Further towards 
the centre of Ingot the cooling rate dropa again. 
•«*^the^ fir-tree atnicture develops near the centre 
of the ingot* 



In small sheet ingots and in extrualon ingots a cen- 
tral aone la often viaible in the centre of the In- 
got. Thia can again be explained alnee the growth 
rate in the oentre of the ingot la as high as the 
casting apeed. If the casting speed is higher than 
v» in figure 6 Al^Fe wUl be able to grow the whole 
lengtti of the ingot in the central porta, figure 10. 



SHEET INGOT 



growth rata 



zones often 
extend 
deeper at 
corners 




cenlnri zone 
present in 
enud ingots 



EXTRUSION INGOT 
L ! 





central zona 
alKrays present 
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Foreword 



Prof. Altenpohl's book. "Aluminum Viewed from Within'', bridges a gap 
between physical metallurgy and industrial application of aluminum. 
Already four editions were printed in German and translations into 
Japanese and French have been published. There is no other book on 
the metallurgy of aluminum and Its alloys, having such a wide 
distribution. 

Besides its usefulness for students, the main purpose of the book is to 
arouse the interest of people employed in the aluminum industry to 
achieve a better understanding of manufacturing processes of the 
metal and its alloys through a step-by-step explanation. This is 
accomplished by describing transformations in the metallic structure 
like the age hardening process, and by providing a certain under- 
standing of metal physics. There is much emphasis placed on the 
knowledge of structural changes which take place during fabrication 
of aluminum and its alloys, from the raw material to the finished product. 
The casting technique is significant not only for the propeHies of 
castings but also how the cast structure affects the properties of rolled 
or extruded products. The steps involved in the fabrication process are 
divided into mechanical and thermal treatments. In every case, the 
changes in the properties are based on transformations within the 
atomic structure of the material. 

"Aluminum Viewed from Within" applies to the practical man In the 
plant, providing a path to metallurgical understanding. The practitioner 
has no trouble following the subject because the information is 
presented simply and requires very little previous knowledge of the 
subject. The book is no less usefur to the designer to whom an insight 
into the specific properties of aluminum and its alloys is indispensable. 
This book, by the way, is an off-spring of a large volume "Aluminium 
and Aluminium Alloys", written by the author together with other 
reknown experts and published by Springer Veriag in 1965. It combines 
results o*f classical metallurgy, metal physics and materials technology. 

It wish the English edition the same success as the German, Japanese 
and French editions. 

Professor Werner Koester, PhD, 
Hon.-Dr. Eng., Director Emeritus. 
Max-Planck Institute for Metaj Research, 
Stuttgart, Germany, 
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